The interaction of CS2 with intense short pulse laser radiation is studied, experimentally using time-of-flight mass spectroscopy. Laser pulses of 0.5 and 5 psec at 248 and 496 nm have been used in order to investigate the effect of the wavelength and the pulse duration on the molecular ionization and fragmentation. As shown, for low enough intensities the parent molecular ion is present as the most important peak in all cases. Increasing the intensity results in extensive fragmentation, where the molecular parent ion remains always the more intense mass peak at 496 nm while at 248 nm S + dominates the mass spectra. Finally, the production of multiply charged fragments is more efficient at the longer wavelength used.
INTRODUCTION
The study ofionization, dissociation and/or fragmentation ofmolecules in the gas phase under irradiation with short laser pulses has received a lot ofinterest during the last few years, especially since the technology of femto-second (fsec) laser systems became readily available. As a result significant information has been revealed towards the understanding of elementary and fundamental physical and chemical processes [1] .
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Although the use of short laser pulses and high intensities has stimulated intense research interest in the field of molecular fragmentation and dynamics, a lot of questions still remain open, not only due to the lack of appropriate theory but also due to the fragmented and sometimes controversial experimental results appearing in the literature.
The motivation of the present work is to provide a consistent set of data on the multiphoton ionization and fragmentation of a simple and well studied, from the spectroscopic point of view, small molecule like CS2, using different laser pulse durations In Figure 1 , we present mass spectra that have been recorded at the lowest possible laser energies used with our experimental setup for which a signal can be recorded. As is shown in all cases, the more intense peak of the spectra is the one corresponding to CS -(m/q 76), the molecular parent ion. Moreover, the presence of the S + (m/q 32) and CS + (m/q 44) mass peaks, even though smaller in intensity, is evident even at the lowest intensities employed for all cases, their contribution being relatively more important at 248 nm and for 5 psec pulses. All sulfur-containing ions were accompanied by a small peak corresponding to the 34S isotope, which has a natural abundance of 4%.
The fragmentation pattern changes dramatically at higher intensities, as depicted in Figure 2 (a) 248 nm, 0.5 psec, 10 .67) and S-(m/q 64) were present, the former being more intense at 496 and the latter at 248 nm respectively. Furthermore, in the mass spectra at both wavelengths, small intensity signals corresponding to the doubly ionized parent molecular ion CS2+(m/q 38) and C2+(m/q 6) have also been observed. In addition, at even higher intensities, S 4+ (m/q 8) was observed at 496 nm, 0.5 psec. It has to be noted that at the high intensities used, the S + and all the multiple charged fragments (S2+, S3+, S4+, C2+) exhibit significant splitting most probably due to Coulomb explosion. Finally, at 248 nm, the presence of H2 O+ (m/q 18) was also clearly distinguishable, being more important for the shorter duration pulses. The appearance of H20 + is most probably due to humidity present in our TOF system, the gas handling apparatus, water traces present in the CS2, or the carrier gas used. The water signature was found to always be present at shorter wavelengths and appears at longer wavelengths only when high enough intensities were employed.
In Figures 3a,b and 4a ,b, we present the evolution of the ratio of the signal (i.e., the integrated area of the respective mass peaks) for each principle fragment observed (S +, CS + and C+), divided by the corresponding signal of the molecular parent ion, at the range of intensities used. Comparing the values of the ratio of the fragment to the parent molecular ion, it is evident that at 496 nm (Figures 3a and b) [2] respectively, their mass spectra differ significantly from ours since, in their case S + is the major mass peak at low intensity and only at high intensity the CS -peak becomes important. A possible reason for this discrepancy may be the longer pulses used in Refs. [1, 2] .
Under 248 nm excitation (Figure 4a and b) , the principal fragments S+, CS / and C+, were found to be more intense or at least of comparable intensity to the parent ion peak, for both pulse durations used, the effect being more pronounced at 5 psec. This observation is in partial agreement with the results presented in Figure 2 of Ref. [3] important feature of the mass spectra, while in Ref. [3] no significant difference had been observed between 532 and 355 nm.
In Figure 5 , we present the ratio of the signal corresponding to the sum of all fragments (except CS -) over the CS -signal. As shown, at 248 nm the ratio smoothly increases, largely exceeding the value of one, while at 496 nm it is constantly smaller than one and decreases with intensity. It is noteworthy that at low incident intensities for both pulse durations at 248 nm, the ratio approaches unity, its value becoming Intensity (GW/cm2) Figure 5 is that shorter wavelengths tend to fragment the molecule more efficiently, while longer wavelengths result in reduced fragmentation and more parent ion production. Also, at the same wavelength, the fragmentation is more efficient for longer pulses. Preliminary experiments currently underway, using 800 and 400nm laser pulses of 200 fsec and 50 fsec duration, confirm again that longer wavelengths and shorter pulses favor the formation of the molecular parent ion, while shorter wavelengths result in enhanced fragmentation. This is consistent with what has been previously reported in Ref. [6] , where the multiphoton multielectron dissociative ionization of CO at two wavelengths, 305 and 610 nm have been studied.
Considering the above experimental results and the low intensity mass spectra of Figure 1 , it is irrefutable that the parent molecular ion is produced in considerable amounts and reduced fragmentation is observed at both wavelengths and pulse durations at relatively low intensities. Taking into account the ionization potential (I.P.) of CS2 [7] (Tab. I), the molecule must absorb at least 3 and 5 photons at 248 and 496 nm respectively, in order to be ionized. In the former case, the absorption of three photons corresponding to an energy of 15 eV, brings the molecule slightly above the dissociation limit of the B"Zu / state of the molecular ion, leading to S+(4S) and CS(1E+) (the threshold limit being at 14.81 eV [8] ). This implies that S + will be inevitably produced when the molecule is ionized. Moreover, sulfur atoms, having an ionization potential of 10.35 eV [9] , can be also easily ionized at these intensities, resulting in enhanced S + production. This is nicely depicted in Figures 4a and b , where the ratio S+/CS -increases with incident intensity, approaching the value of 20 and 40 for 0.5 and 5 psec pulses respectively. Meanwhile, the produced neutral CS (1E+) can also absorb three 248-photons [10] (Tab. I) becoming ionized within the laser pulse. Similarly, at the 4-photon level, corresponding to 20eV, CS + and S -can be efficiently produced [7] . The intensity dependence of the principal fragments and the parent ion and their saturation appearing in the order CS -, S+, CS + and C+, also support the previous picture. Increasing the intensity of the incident laser radiation, more channels can be reached through the absorption of more photons and consequent fragmentation of the produced molecular ions and/or during the fragmentation of the multiply charged CS+(q _> 1) ions.
In this respect, CS -(after absorption of 3 or more 248 nm photons [9] S-9.35 [13] by the neutral molecule) and CS 2+ can be seriously considered as precursors towards the production of the S q+ and C q+ (q _> 1) [5] .
In the case of 496 nm photons, the molecule has to absorb at least 5 photons to be ionized, corresponding to an energy of 12.47 eV. The intensity dependence of the ion signals reveals that the saturation regime of the principal fragments is reached almost simultaneously by all of them, the CS -saturating at higher intensities and remaining the most important peak in all cases. Moreover, the production of the doubly charged parent ion CS 22+ [11] and multiply charged fragments, i.e., S2+, S3+, S 4+ and C 2+ [9] (see also Tab. I) occur with relatively large yields compared to the parent ion and at least larger than the value at shorter wavelengths.
In Figure 6, [13] (Tab. I) and its dependence on the wavelength and the pulse duration. As shown in Figure 7 , shorter wavelength and longer pulses enhanced + the formation of S -. In particular, while at 496 nm the ratio S -/CS 2 was found continuously decreasing with intensity, at 248 nm it was slightly increasing and reached a plateau for both 0.5 and 5 psec. This behavior appears to be even more pronounced when the same wavelength but 15 nsec duration laser pulses were employed, the ratio exhibiting an almost tenfold increase. The observation of the formation of [2, 4, 5] , where S -was observed only in collisions of charged particles (i.e., electrons, positive or negative ions) with CS2 [4] . In Ref. [14] , an explanation of the S -formation was given, assuming the fragmentation of the CS-and CS + ions through bent geometry states. Although this mechanism may be probable we believe that it is not very satisfactory, since we have observed S -formation also using 400 and 800 nm, 200 fsec laser pulses. The fact that the dimer ion is formed at four different wavelengths does not favor the argument of potential resonances with bent states. This was also confirmed in studies of the Rydberg states of CS2, where S -was observed at several wavelengths using nsec lasers [15] [16] [17] .
CONCLUSIONS
Experimental results were presented related to the interaction of CS 2 with intense short pulse laser radiation. It has been shown that when short pulses are employed, the parent ion is the most important mass peak at low incident intensities, independently of the wavelength used. This implies that CS2 first ionizes and then dissociates at the wavelengths, pulse durations and intensities used in this study. At higher intensities, at 248 nm, extended fragmentation was observed, S + being the major feature of the mass spectra, while at 496 nm, the ionization of the parent molecule was found to be more efficient. The production of multiply charged fragments was found enhanced at 496 nm. Finally, the formation of S -was enhanced at 248 nm.
